Aim: To investigate the role of PIK3CA oncogene in tumorigenesis and development of esophageal cancer in Chinese patients at the levels of genetic mutation and epigenetics. Methods: Seventy six esophageal tumor samples and corresponding adjacent normal tissues were collected, and the genomic DNA was extracted. Mutations in the 9th and 20th exons of PIK3CA gene were detected using conventional sequencing. PIK3CA methylation rates in two selected CpG islands (CpG island 1 and 2) were detected using sub-bisulfate modified sequencing. P110α and pAKT expression levels were detected with Western blotting. Results: In PIK3CA gene of the tumor tissues, G1633C (E545Q) mutation was detected in the 9th exon with a rate of 3.95% (3/76), whereas mutation was not found in the 20th exon. Nor mutation did occur in PIK3CA gene of the adjacent normal tissues. The methylation rate of the CpG island 1 had no significant difference between the tumor and adjacent tissues (0.77%±0.009% vs 0.89%±0.008%), but the methylation rate of the CpG island 2 in the esophageal tumors was significantly lower than that in the adjacent tissues (6.00%±2.80% vs 10.45%±5.51%). Furthermore, the rate of methylation of the CpG island 2 in TNM stage III and IV esophageal cancer (3.84%±2.08%) was significantly lower than in stage I (8.52%±2.55%) and stage II (6.42%±2.36%). PIK3CA gene hypomethylation in esophageal cancer was significantly correlated with high expression of p110α. Conclusion: PIK3CA gene hypomethylation plays a key role in the tumorigenesis and development of esophageal cancer in Chinese patients, while the mutations of PIK3CA gene have little effect on the development of esophageal cancer.
Introduction
In China, esophageal cancer is one of the three most common tumors of the gastrointestinal tract, together with gastric and colorectal cancer, and it has the fourth highest mortality rate of all malignancies. The mortality rate due to esophageal cancer was 15 .04/100 000 in [2004] [2005] , with rates of 20.46/100 000 and 9.38/100 000 in males and females, respectively [1] . The highest incidence of esophageal cancer occurs in Henan Province, China, and is 81.78/100 000 [2] . It remains a challenge to give effective therapy for esophageal patients due to the lack of targeted therapeutic drugs. Therefore, there is an urgent need to investigate the mechanism of the development of esophageal cancer.
PIK3CA is one of the most common oncogenes in human cancers [3] . P110α, the product encoded by the PIK3CA gene, is a catalytic subunit of PI3K. Phosphate kinase (PIK) is a lipid kinase that phosphorylates phosphoinositide and can participate in signal transduction. Based on the phosphorylation sites, the PIKs can be divided into three families: phosphoinositide 3-kinase (PI3Ks), phosphoinositide 4-kinase (PI4Ks), and phosphoinositide 5-kinase (PI5Ks). The PI3Ks are further divided into three classes (I, II, and III) according to subunit structure, regulation and substrate selectivity. The Class I PI3Ks contains the IA and IB subgroups. Class IA PI3K is composed of three catalytic subunits: p110α, p110β, and p110δ, and five different regulatory domains: p85α, p85β, p85γ, p50α, and p55α. These PI3Ks are activated by the cell , and several forkhead transcription factors. These effects are related to the regulation of cell proliferation and cell survival, and the control of cell movement. PIK3CA overexpression, caused by changes in the PIK3CA gene, enhances PI3K catalytic activity, while the intracellular PI3K/AKT pathway maintains an abnormal activation status and is responsible for malignant transformation.
Mutations of PIK3CA exist in approximately 30% of human solid tumors. The tumors that most frequently display the PIK3CA mutation include endometrial, breast, colon, and skin cancers [3] . According to the literature, PIK3CA mutation rates in esophageal cancer are lower in Japanese and Australian patients [12, 13] . We found no experimental data on PIK3CA methylation in the published literature. We aimed to investigate the relationship between PIK3CA and esophageal cancer with regard to mutation and methylation.
Materials and methods
Patients and pathologic specimens All 76 cases of esophageal cancer underwent surgery in the Department of Cardiothoracic Surgery of the First Affiliated Hospital of Soochow University between May 2010 and May 2011. The pathologic specimens were processed within 10 min of surgical resection. All adjacent tissues were removed from surgical sites at least 5 cm from the tumor margins. The specimens were immediately frozen in liquid nitrogen and stored at -80 °C. The patients had not received any preoperative therapy, including chemotherapy, radiotherapy and biotherapy. All patients underwent radical resection and were confirmed by pathological diagnosis. Two patients had adenocarcinoma, and the rest had squamous cell carcinomas. This study was approved by our institutional ethics committee.
Genomic DNA extraction Genomic DNA was extracted from 76 frozen fresh tissues using a UNIQ-10 Genomic DNA Purification Kit (Shanghai Sangon Biotech Co, Ltd, Shanghai, China) according to the manufacturer's instructions.
Detection of PIK3CA mutation
We employed conventional sequencing as follows. PIK3CA 9th exon forward primer sequence: 5'-gttgttggctaacttcagcag-3'; reverse primer sequence: 5'-attccaataggtatggtaaaaacatg-3'. PIK3CA 20th exon forward primer sequence: 5'-ctcaatgatgcttggctctg-3'; reverse primer sequence: 5'-gaaagctcactctggattcca-3'. PCR was performed in a mixture containing 2 µL of 10×Taq buffer, 1. Detection of PIK3CA methylation PIK3CA methylation has a greater effect on esophageal cancer than PIK3CA mutations. PIK3CA hypomethylation is a key mechanism of activation of the PI3K/AKT pathway in esophageal cancer. So we detected the PIK3CA methylation in patients with esophageal cancer.
We conducted bisulfite sequencing PCR (BSP). Bisulfite DNA conversion was performed according to the manufacturer's instructions included with the EpiTect Bisulfite Kit (Qiagen, Duesseldorf, Germany). A 5 µg sample of purified DNA was brought to a total volume of 140 µL. The bisulfite reactions were mixed thoroughly, and the tubes were placed at room temperature. Bisulfite DNA conversion was performed with a thermal cycler as follows: denaturation for 5 min at 95 °C, incubation for 25 min at 60 °C; denaturation for 5 min at 95 °C, incubation for 85 min at 60 °C; denaturation for 5 min at 95 °C, incubation for 85 min at 60 °C; hold at 20 °C. After the bisulfite conversion was complete, purified bisulfite-treated DNA was used as a template for PCR using HotStar Taq DNA polymerase (Qiagen, Duesseldorf, Germany) with specific primers. The PCR products were separated on 1.5% agarose gels and purified using the AxyPrep Gel Extraction Kit (Axygen, Tewksbury, MA, USA). The purified DNA fragments were ligated into the pGEM ® -T vector systems (Promega, Madison, WI, USA) and transformed into TOP10 competent cells (Invitrogen, Grand Island, NY, USA) for further replication. Correct recombinants were screened using the IPTG/ x-Gal system, and the plasmids were extracted and sequenced using an ABI 3730 XL.
Universal primer sequences: P2: 5'-GTAAAACGACGGC-CAGT-3', P4: 5'-AGCGGATAACAATTTCACACA GGA-3'. CpG island 1 former primers sequence: 5'-AAAGGATT-GTAGAGGGTTGTGAT-3', reverse primers sequence: 5'-AAAAACAAAACCTACAATCCCC-3'; CpG island 2 former primers sequence: 5'-TTTGGAAATAAAAGGAAAAA-AAAAT-3', reverse primers sequence: 5'-TCRAAACTCTTC-CAAACTCC-3'. PCR program: 95 °C denaturation for 5 min, followed by 95 °C, 64 °C, and 72 °C each for 30 s for 50 cycles, followed by 72 °C for 10 min.
The amplification products were sequenced by Shanghai HaoYu Biotechnology Co, Ltd (Shanghai, China). We used chrome AC/DC to observe the ABI peak figure files and to determine whether these peaks represented singlebase mutations or base deletions. Statistical significance was determined. BiQ Analyzer software, version 2.0 (developed by Max-Planck-Institute for Informatics and Saarland Univer- Determination of pAKT and p110α expression by Western blotting We employed a standard Western blot procedure. The β-actin protein was selected as an internal reference (rabbit anti-Item AA128-1). Taq DNA polymerase and primers corresponding to the 9th and 20th exon of PIK3CA were purchased from the Shanghai Sangon Biotech Co Ltd (Shanghai, China). DNA markers were purchased from Fermentas Co (Pittsburgh, PA, USA). The p110α monoclonal antibody (PI3 Kinase of p110α [C73F8] rabbit mAb #4249, diluted at 1:400) and the pAKT monoclonal antibody (phospho-Akt [Ser473] [D9E] XP Rabbit mAb #4060, diluted at 1:50) were purchased from Cell Signaling Technology Co for Western blot experiments. The secondary antibody was HRP-labeled Goat Anti-Rabbit IgG (H+L), diluted at 1:1000 (Beyotime Co, Nantong, China). PVDF membrane was purchased from American Millipore Co (Billerica, MA, USA), and the primers and dNTPs were purchased from the Shanghai Sangon Biotech Co, Ltd (Shanghai, China).
We used Quantity One software (Bio-Rad, Hercules, CA, USA)to test each sample's gray scale values of β-actin and target protein bands. According to the data presented above, we calculated the relative content of the target protein and compared the samples to determine the actual change in the level of the target protein between samples. We found that the gray scale values of the target protein were 50% higher in esophageal cancer than in the adjacent tissues. There was no difference in expression, with positive expression numbers of pAKT and p110α, respectively.
Statistical analysis
All data were categorized using Excel 2003. Statistical analysis was performed using SPSS 18.0 statistical software. All experimental data are expressed as the mean plus or minus the standard deviation. Comparisons of variable data were performed with the chi-squared or Fisher's exact test (double sided), Spearman correlation analysis, as well as the Student's t-test and ANOVA for single comparisons. A P-value of less than 0.05 was considered statistically significant.
Results

PIK3CA mutation in esophageal cancer patients
We detected a G1633C (E545Q) mutation in the 9th exon of PIK3CA in 3.95% (3/76) of the esophageal squamous cell carcinomas. No mutations were found in the 20th exon of PIK3CA in the tumor tissues or the adjacent tissues. The PIK3CA mutation is a point mutation [12] that occurs during the middle to late stage of esophageal squamous carcinoma (Figure 1 and  2) .
We detected the mutations A1634C, T1659C, and G1658 in all tumors and adjacent tissues. These mutations originate from homologous genes (22 chromosome NW NT 011519.10 and 011519.10, 97% homology) and were also detected by Tanaka [14] , Liu Peng [15] , and Wanglong Qiu [16] .
PIK3CA methylation
We used 32 samples of esophageal tumor tissue and the corresponding adjacent tissues for the methylation determination.
MethPrimer software (The Li Lab, San Francisco, CA, USA) was used to predict the human PIK3CA gene promoter regions, and we selected two CpG islands rich in CG (CpG island 1: -800 bp to -400 bp, CpG island 2: -250 bp to 50 bp). Five PCR clones from each specimen were selected for sequencing (Figure 3 and 4) .
Statistical analysis showed that the rates of CpG island 1 methylation in the tumor (0.77%±0.0089%) and adjacent tissues (0.89%±0.0084%) were low, and there was not statistically significant difference between them (t=-0.553, P=0.582). The rate of CpG island 2 methylation (6.00%±2.80%) was significantly lower in the tumor tissues than in the adjacent tissues (10.45%±5.51%; t=-4.067, P=0.0001) ( Figure 5 ).
The relationship between PIK3CA hypomethylation and demo graphic features in esophageal cancer
We analyzed the relationship between PIK3CA methylation and the demographic characteristics of patients with esophageal cancer. There was a significant difference in the average methylation rate at Stage III and IV (3.84%±2.08%) compared with Stage I (8.52%±2.55%) and II (6.42%±2.36%) (P I-III =0.001, P II-III =0.01). There were no other statistically significant differences (Table 1) . Figure 6 ). We demonstrated that p110α expression was significantly higher in the tumor tissues versus the adjacent tissues (0.14±0.09 vs 0.07±0.05, P=0.015). Likewise, pAKT expression was also higher in the tumor tissues versus the adjacent tissues (0.11±0.07 vs 0.06±0.04; P=0.023) (Figure 7 ).
Correlation between PIK3CA hypomethylation and the expression of p110α and pAKT in esophageal tumor tissue and the adjacent tissue We demonstrated that the methylation rate in the group of p110α(-) was significantly higher than in the group of p110α (+) [3] . The PIK3CA mutation rates vary from 4%-52% in different types of cancer [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . In colon cancer, the PIK3CA muta- Acta Pharmacologica Sinica npg tion rates are over 30% and are the highest among all gastrointestinal tumors [28, 29] , followed by gastric cancer, with mutation rates that vary from 4%-25% [30, 31] . In esophageal cancer, the PIK3CA mutation rate is as high as 21% [32] . Of these mutations, 80% are clustered in two previously reported "hotspots" or high-risk regions of the 9th and 20th exons, which correspond to the accessory (helical) and catalytic domains of PIK3CA [3] . Non-random hypermutation plays a significant role in tumor development. The main types of mutation are E545K (G1633A) and E545Q (G1633C) [33] , E542K, and E545D [12] , and A1634C [13] in the 9th exon and H1047R in the 20th exon [34] . Our study focused on these two exons, and we found that all of the PIK3CA mutations in our samples were G1633C. This point mutation occurred at a rate that was lower than reported in other studies. We found no substitutions, truncations, or frameshift mutations [12, 35] . Thus far, the role of PIK3CA mutations in esophageal carcinogenesis (early stage) or the promotion of malignancy (advanced stages) has not been established. Some investi- [12] . The role of PIK3CA in gastric cancer has been established; the lack of associated symptoms or pathology suggests that PIK3CA mutations may occur early in cancer development [36] . Yardena et al found that PIK3CA mutations in early colon cancer occurred at a much lower rate than in middle-late stage cancer; thus, a relationship between PIK3CA mutations and carcinogenesis was proposed [35] . Other investigators have demonstrated that PIK3CA mutations occur almost exclusively in invasive tumors, with upstream gene mutations often occurring in early and late tumors, suggesting that PIK3CA mutation is a late event [37] . We demonstrated that esophageal PIK3CA mutations only occurred in the later TNM stages (IIIa and IIIb). While there is abundant evidence that PIK3CA mutations promote tumorigenesis by activation of the PI3K/ AKT pathway in other cancers [38, 39] , we did not find an association between p110α and pAKT expression in the PI3K/AKT pathway. Therefore, the PIK3CA mutation may occur late in esophageal cancer. We found no evidence to support that these mutations promote malignant degeneration. Additional studies are required to determine the role of PIK3CA in the development of esophageal cancer, including investigations with a broader range of detection of mutations and studies of additional esophageal cancer cases.
PIK3CA hypomethylation is closely related to the activation of the PI3K/AKT pathway and may be a key mechanism in esophageal carcinogenesis DNA methylation is an important mode of epigenetic modification, and it occurs in a variety of context throughout the mammalian genome. CpG occurs in either a dispersed (scattered) or a highly concentrated ("CpG island") pattern. CpG islands occur in up to 1% of genomic DNA, and they are present at the 5' ends of the regulatory regions in all housekeeping genes. CpG islands often cover the promoter region and are found within the first exon. Hypomethylation is another abnormal form of DNA methylation in cancer. Hypermethylation of a suppressor gene and hypomethylation of oncogenes may coexists in cancer, which can affect the stability of the genome and the normal expression of gene involved in cell proliferation and differentiation. These aberrations can cause cells to lose control of their normal processes, promoting the formation and development of tumors. In 1983, Feinberg and Vogelstein found that the growth hormone genes, α-globin and β-globin, are highly methylated in normal tissues but not in cancer tissues [40] . Universal hypomethylation of the entire genome and hypomethylation of specific sites in the oncogene promoter region increases cancer risk [41] . The lower degree of methylation in proto-oncogenes is significantly related to invasiveness [42, 43] . There are no reports about PIK3CA methylation in esophageal cancer to date. The PIK3CA oncogene should be hypomethylated in esophageal cancer and hypermethylated in adjacent or normal tissues. We found that the PIK3CA methylation rate in esophageal cancer was significantly lower than in the adjacent tissues, correlating with higher TNM staging.
In addition, our data show that PIK3CA methylation negatively correlates with p110α expression, but not pAKT expression. That is to say, the status of PIK3CA hypomethylation in esophageal cancer regulates its coding expression. Meanwhile, other inhibitory factors may be reduced, resulting in stimulation of the expression of p110α. The reason for the absence of a correlation with the downstream target moleculepAKT, based on our understanding of the PI3K/AKT signaling pathway, we proposed that pAKT is the terminal target molecule of multiple signaling pathways, and its expression level is influenced by many factors. Therefore, PIK3CA hypomethylation is not the decisive factor determining the high level of pAKT expression.
Our previous experiments [44] have demonstrated that PI3K/ AKT activation is closely related to the progression of esophageal cancer. Thus, we believe that PIK3CA hypomethylation is significantly related to the development of esophageal cancer. PIK3CA hypomethylation may be part of the activation mechanism in the PI3K/AKT pathway.
We only selected two CpG islands based on the CpGplot program. The full effects of PIK3CA methylation may not be completely apparent due to missing methylation sites. In our future experiments, we will obtain additional samples and examine other CpG islands. Hypermethylation of PTEN, which is related to the PI3K/AKT pathway, may be carcinogenic in esophageal cancer. Whether there is a link between PTEN hypermethylation and PIK3CA hypomethylation remains unknown and requires further investigation.
